On the basis of experimental positron lifetime spectra it was shown that positrons can be trapped at metal-dielectric interface. The coefficient indicating the trapping possibility of the AgŃa3AlF6 interface has been evaluated.
Introduction
According to the image potential model of the interaction of positrons with a metal surface thermalized positrons which are able to reach the surface can be surfacely trapped [1] [2] [3] . It seemed likely that similar trapping could take place in the case of a metal-dielectric interface. One consequence of such trapping was the expectation of an anisotropy of the distribution of momenta of photon pairs appearing when the surfacely trapped positrons annihilated. Using multilayer metal-dielectric samples and orienting them in two ways with respect to the pair-momentum annihilation spectrometer axis we had observed such anisotropy [4, 5] . Another expectation was a possibility that the trapping of the positrons at the interface could give a special component in the positron lifetime spectum. The measurements of the positron lifetime spectra, the one for an evaporated Ag sample and the second one for a multilayer Ag/Na3AlF6 sample consisting of many alternating Ag (~200 nm) and Na3AlF6 (~ 4 nm) layers, obtained by evaporation, gave two different spectra (Table) [6].
The small amount of Na3AlF6 (0 . 5 w e i g h t % ) i n t h e A g / Ν a3
A l F 6 s a m p l e , i n form of thin layers separating the Ag layers, caused relatively large changes in the spectum for this sample as compared with that one observed for the Ag sample. This result agrees with the assumption of a possibility of the positron trapping at the interface. In this paper we report additional experiments and analysis connected with this problem.
Positron motion at metal-dielectric interface
The basis of the interpretation of the results obtained in [4] [5] [6] was the assumption that there exists a potential "trough" for positrons at a metal-dielectric interface, and that positrons reaching the interface during their diffusive movement in a metal can be trapped in the "trough". Of course one can not exclude other possibilities for the positron reaching the interface. By an analysis of the problem one should consider such possibilities: 1) Positron trapping in the "trough"; 2) Reflection of positrons from the interface; 3) Penetration of positrons through the interface from metal to dielectric layers; 4) Penetration of positrons through the interface from dielectric to metal layers.
It is not likely that processes 3 and 4 can take place simultaneously. Even a small difference of thermalized positron potential energy in contacting metal and dielectric layers slould allow positrons to penetrate the interface in a one direction only, as it was observed in the case of metal-metal interfaces [7, 8] . Because of a very small amount of the dielectric (Na3AlF6) in the Αg/Νa3ΑlF6 sample, only about one per cent fraction of positrons implanted in the sample was stopped in the dielectric layers. Thus a possibility of a penetration of positrons from the dielectric layers to the metal ones could not affect the positron lifetime spectrum perceptibly. Only the positron trapping at the interface and the penetration of positrons from the Ag layers to the Νa 3 AlF6 ones could have caused the lifetime spectrum for the Ag/Na3AlF 6 sample to be different from that for the Ag sample.
In the case of the penetration of positrons to the dielectric layers one should expect the lifetime spectrum for the Ag/Na3 AlF6 sample to have components with lifetimes characteristic of the dielectric. To prove whether such situation takes place it was suitable to measure the lifetime spectrum for Na 3 AlF6 . Using the same positron lifetime spectrometer as by obtaining of the lifetime spectra for the Ag and Αg/Na3AlF6 samples we obtained the lifetime spectum for the Νa3 AlF6 sample. Characteristics of this spectrum are collected in the it is easily seen from this Table it is impossible to explain, even partially, the difference between the spectrum for Ag/Na 3 AlF6 and that one for Ag by assuming that essential fraction of positrons had annihilated in the dielectric layers. Thus it seemed reasonable to ascribe the observed changes as resulting from the positron trapping at the interface.
The fraction of positrons annihilating as being surfacely trapped
Let us assume that observed lifetime spectrum for the Ag/Na3AlF6 sample can be treated as a superposition of the spectrum characteristic of evaporated Ag, say, with an intensity IAg , and one-component spectrum connected with annihilation of surfacely trapped (at the interface) positrons, say, with an intensity I3. Of course
The lifetime spectrum for evaporated Ag has two components with respective lifetimes being larger than that one for bulk Ag. This spectrum can be treated as conditioned by large rates of trapping to two kinds of traps (say, kind 1 and kind 2) existing in evaporated Ag. The presence of additional traps in the Ag/Na It means that about P = 0.254 of positrons implanted in the Ag/Na3 AlF6 sample annihilated as surfacely trapped. It should be mentioned that the probability of trapping in a given kind of traps is somewhat less than the intensity of respective lifetime spectrum component (e.g. here P < I3). However for a situation when almost all positrons annihilate as being trapped (saturation of trapping) the difference may be very small. In our further considerations we are taking P is equal to 0.254.
The diffusion model of positron trapping at the 1ayer boundary
The fraction of positrons implanted in a layer which can be surfacely trapped in the layer boundary depends both on the possibility of positrons to reach the boundary and on the boundary possibility to trap or to reflect the positrons. If one considers the layer which thickness (say 2R) is small as compared with positron absorption range, the implantation rate S for such layer may be treated as independent of a distance from the layer boundary. Let's denote by x coordinate being perpendicular to the layer surface with x = 0 and x = 2R for the two layer boundaries. The equilibrium positron concentration Φ in the layer should fulfil the one-dimentional diffusion equation
where D is the positron diffusion constant and L the effective positron diffusion length (conditioned as by free positron annihilation rate as by trapping rates to the defects). The boundary conditions related to Eq. (5) depend on the situation for positrons at layer limits, in our case on the possibilities of the interface to trap or to reflect the positrons reaching it. These possibilities (as the only two taking place) can be characterized by the coefficient β, which will be further called the positron trapping rate coefficient, and fulfil equations where the right hand parts of the equations are the consequence of the Fick's law. As β approaches zero the interface is totally reflecting (i.e. no trapping) and as β approaches infinity, the interface is totally absorbing. Solving Eq. (5), with Eqs. (6) and (7) as its boundary conditions, one obtains It is easy to see that for k = οο, i.e. when the interface is totally reflecting Φ = const over all layer. The dependence of Φ on the distance from the layer central surface is presented in Fig. 1 for two L/R ratios and for some k values. As it is seen, the larger k the more uniformly are positrons distributed in the layer (for equilibrium situation).
Using Eq. (8) one can calculate the probability of the positron implanted in the metal layer to be trapped at its boundary. It is easy to show that this probability is given by the formula For k = 0 i.e. for β = ∞ (totally trapping interface) this formula has form [9] The effective positron diffusion length for evaporated Ag layers was experimentally estimated earlier by Świątkowski et al. [7] . The Authors obtained some different values for L in different series of experiment, the mean of them being close to 70 nm. Even for the smallest of them the probability of trapping of po8itrons at the Ag layer boundaries, as calculated u8ing formula (11) with R = 100nm (characteristic of the Ag layer in the Ag/Na3AlF6 sample), was much larger (0 . 5 ) than the one evaluated in this paper from the experimental data (0.254). There are no, up to now in literature, estimations of positron trapping rate coefficient β (nor similar one) for thermalized positrons at metal-dielectric interface. However discussing experiments with positron trapping at the metal grain surfaces [11] Brandt [12] suggested the reflection of thermalized positrons reaching, as a result of their diffusion movement in metallic grain volume, the metal-vacuum surface. In 1980 Nieminen at al. [13] presented paper in which they had evaluated the possibility of positron to be trapped or reflected when it reached the bondary of the void formed in Al. They obtained, on the basis of positron lifetime measurements for Al containing voids, the temperature dependence of the coefficient γ called by them the specific trapping rate.This coefficient after dividing by the void surface area is equivalent to the defined in this paper coefficient β. The β values (for metal-vacuum surface) resulting from the data of [13] 
Final remarks
The considerations presented above were done with the assumption that the Ag/Νa3ΑlF6 interface was well defined. Really the Ag/Na 3 AlF 6 sample used in the analysed experiments [5, 6] was obtained by evaporation in vacuum 103 Pa which does not warrant such possibility. Nevertheless the observed positron annihilation characteristics seem to indicate the possibility of the positron trapping at the interface region. Especially, the observed anisotropy of the annihilation-photon-pair-momenta distribution [5] can be hardly explained without an assumption of the existing of strongly anisotropic traps for positrons. This caused us to do presented in this work analysis of the experimental results.
Of course the conditions of the sample preparation allows one to be not quite sure that the given interpretation is fully correct. The performance of a similar experiment with a monoenergetic positron beam and a single, well defined, metal-dielectric interface could give more certain results.
